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SBSERACT 


3a problom provides for rosoarch to yiold more cifectivo submerged 
racoption, the prosmt phase relating te the aitainment of tho best eo rrey 
transfer from tho coliocting loop ty the recciver, Farivis coupling unite 
evailabie to the servito havo toon studicd. Wailo tho study cf soupiings 
{2 tho prima considoration, it was found desirable to include tho Limita- 
tiona of the ‘various couplors ond tholr uscfulncss to the Navy. , 


The Mare Ieiand Coupling Units wore desigrad to be used with tic CRH 
$6097 Lecps, 53 Loop acrice, and the PAK Reccivor ‘Scrica, Functionsiiy, tho 
unite couple the lowinduesanece ists amtommac to tho RAK Recoil ver Antonna 
input, ovor a nominal froqueney range of 15 *o 35 Biiveyotns. Tho Cormiling 
Unita osch contain « atop-up transfermor tit! ite sccomdary tunoda to tho 
Arsirod froquency by & varisdlc capsctiter. as gienal i« thon pa deletes 


threush a pcontode tune and enabled into the antunaa input of the Bae f, 


Tho two Marc lalaad Couplirs vere teeted at PRL undor antcided room 
conditiocs. Analysis indicated that both units arr simijar olectrically, 
but do not cuoveor t's samo froquoncy range, The clectrical teute indicated 
that the ovorall pericsrmance was nui as quud se vne oystic ining the BGA 
Ssuplin: Uatt (4M 472687) with the CHM 66097 Loop, and more inferior whon 
comparnd to tho ncw syst using this losp with ean laput tran: ” omer ina 


moaificd Modoi RAK Reactver (Roferonce 3s 

Woghanically, both Bare isiand Coupiiag Vaits Povo foulte thet ehenld 
be romodiad, The proncnt condition of these units is unsatisfactory for 
Faval usc. 


™ This report centring clnetrical and imcehanical information, such ag, 


acnetticity sommarisona of various coupling mothods, operating characicristice, 
end mechanics} and cleatrice! racomnendations_ 
bP 
Shis report alee contains comments on & iatter, “Resvite of Submerged 
Rocoptica Tests", that enaparce two loop positions and the Mare Island and 
CRM 47367 Coupling Wnit (Rofercaco 4), 
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PLATT 1 = Graph Showlng Overall Yonsitivity Characteristics of Various 
Coupling Unit Methods. 


PLATE 2 ~ Cirenit Wiring Diagram of Unit B. 
PLATE 3° + Photograph Sho 

Showlne Front Viow of Unit a, 

PLATE 5 - Photosrash: Showing Chassis Bottom Vicw of Unit A, 
PLATE 6 ~~ Fhotograph Showing Top Porepective Vicw of Unit 3. 
PLIME 7 ~ Photegraph Showing Front Yiew af Smit P. 


PLATE 8 - Photograph Showing Chaeseia Bottom Viow of Unit 3B. 


TSRORICTION 


1, This rcnort depicts thosrclative officicacy of scvorai loop ingut 
Cirvuiiz slich asc, or hevs bean, used for submerged rocoption. Thies 
fnotedes: the sldor RA 80085 Coupling Vait, usod wit) tho loop taken from 
the Kodol IQ diraction findor; tho Type GM 66097 Tuop, used with tho 
sewcaliod Maro lalen@ Coupiing Unit; tho Type GM 66097 Locp and GM 
47557 Coupling Unit; end tho 66097 Loop with SEL tranefomics inpet ffroet 
to tho rid of the first rccclvor tube, with ganged tuning by the raceiver 
variatle capactter. The Medal BAK recolvor was usod for all. ‘Tho Maro 
Taland units ero Peemiacs to Bs war-prowtcod omor-ceney units to moct a 
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Ctrte 4 mfiiic ave 
roquest of soporenes (2). Test procedurcs outlined thorein were nodificd, 
put tho shipboard test conductod by Comsublant comparcsd tho GI! 47367 Unit 
an& the Maro Talend Coupling Jedt constructed by USH USL, Dacomocr 1944, 
aftor which thoao unite wuro shipped to PRD in Docembor-1945, Yor Leteratoxy 
toats. The roport on these shipooard toste (Reference 4) wea recalvod at 
PRT in Marsh *G8G 


2, The ive Kai, Telond unity do not have tyns designations or serial 
numbers, Foi ‘a reason, letter idaatificsticn will be givon tu cach in 


this ronort, Ths unit conetructou ny USF USL, Decomber 1944, wihl bc cxlicd 
Unit AL The unit manufacturod by N.7.M.2, will be called Unit B, For 

further clarification, s20 pimten ¢ to 8 anclusavc. “hile theee counting 
unite wora not acsigned to mcet Reavy epecifications and 1¢ apncers unncecssary 
ta place thoa in preduction, they ars discussed at somo leagtl heraia ts 
daform the Furcau regarding efangos requis iY rcdesica to eesrificaSions 


wera roquirod, 


MSCTE GAL ANALYSIS 


4% ALL olcoetrical tavcatizations renortod on harein were norfermed on tho 
eruplins vaitea with the lecp in ais. Escause of simlicity snd eenvcntones, 
the air Gor Asuransnts votre neofarrad to goa wator moaguroments. If %he 

m2 Born qenAuetod with the loop in son wotor, it ig Solicvon 


inv vEbecauions sme 


that rasulis obtained weuld bravo beon relatively cinilar to tho moss rem 
monte obtainod in air, For this page of the problem, the et sas 
HOF concoracd elth the moda ¢F omseem recaption but rather with the 


fulnoes of enc coupliet syetew xe anainared to another, 


4, Oporational aanlvais indionted that toth Mars island Csuplincg Units 
parfors electrically tho sanc. Pha ovarali senes ties ty of tho combinetion 
oY BAX Receiver, GM APES? Cowedian Wait, and GYM 66097 lonp was acaeured 
in & chicldcé room yor woe oneisy 2 eng = LE t: SH Wtleesoles. Tha soasure- 
aenSs worse mady at a standard output of 6 nillivstts ints 4600 ohbos, with a 
20 2D etemaleteemetscs ratio, The ice epr pair Control om tho Recoitc: was 
adjuated for Kandard Oscillation. A aigna) somoreter fel * preporiy 
terminated transmission tins, The resultant ficld encrzisod tho Leop. Tho 
line constants having boon expcrincntslly detesssiaed, the iaducod ficld 
stronsth in apece st tha larp coator, aad tha indased voltae in the lop 
waro computed, 
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5. The sensitivity of the overall evstam (CIM 66097 Loop, Mary Island 
Goupling Unit B, and RAK Receiver) varied from 163 micrevilta per metbr at 
15 Kilocyclogs te 79 microvolta per meter at 30 Rilecyslos. it 25 Kilocyclos 
the sensitivity value was 102 microvults per meter (Referoenss Plate i}. 
The ovo-all sensitivity using the GiM-47%67 Coupling Unit varied fron 38 
microvolts por meter at 15 Kilocycles to 31 micrevolts wer motor at 2 
Kilocvelas, The overall seneitivity using the modifiod Modol RAK Receivoar 
(Aincornorating :iKb traneformer design, refoxvencso BS), vericd from 12.2 
micrevolts por neter at 15 Kilocyclea to 8,2 micrevelts ner motor at 25 
Kilecyclos, These data indicate that the prosont atandard CHM 66097 
aysaton, usin: tho CNM-47367 Couplinz Unit, is abeut 13 decibels ay 15 
Fiioevelios and mbout & ducibels at IS Whleeyelse hettor than the avaton 
usin-: the Kare Island Ceupliny Unita, Yhen tho carmarisen is carriod 
further, it.is found that tho NRL preposod system usin; the notified Nedel 
RA Receiver and CMM 66097 Lorp is abou, 23 decibols at 18 Kildeyclos and 
about 21 decibols at 25 Kilocyrics battor tien the systom using the Mare 
Igland Counling Units. Proposod in reforonce (3), this syston modifica- 
tian is vundsretond to be in process of adontion. 

&. For nurmosecs of further comparison, = rovound Model DO beep, of hishor 
Q value than a atandaré DO Loop, was used vith the Hare Islend Coupling 
Tnit B end the RA-50085 Coupling Unit (Reforence 5). Tho uae of the DO 
Locp imvroved the oversll porformance ef the Mare Island Coupling Unit B 
by annroximatoly Five dvelbuls, Veing ths M Leen with the RA-sanas 
Coupling Unit, thse overall porformanco was about three decibels short of 
being ag cond ag tho BRL medified HaK Receiver, The owiput of the Ri-sones 
Gouplin, Uait wes thos introiuccé dircetly inte the frat radin franuaney 
anolifior arid of the RAK Receiver, The reault obtainsd in overall por= 
fornence was nearly 2a good as the NRL Hedifiad R&X Nereiver with the 

CNY 36097 loop (Referonce Plate.2). However, this rovirnnd M loon, whilo 
essontinlly matching: the inductance of a TQ loep, is baiieved to havo a 
definitely superior &, Unfortunately, no Motel 1Q lo-p was avnilaclo for 
cemparison, The use of a BQ inean might very possibly have raigod the Di 
Loop ourvas of Plate I by a factor of two, or 6 decibels, 


7. This Laboratory has found it difficult to evaluate the wartine succoss 
im using avirarsed rocoption in tho Fleot, Adsquaiy official reperts hove 
not bacn found, Most unofficial comments indicate that Little uso wae nade 
ot undervater lo-p Facaption, Largely because the rances attained wors 
quito imnaaquata, The ressens Givea for this lack ef stecase aro many, 
ranging from lack of understanding of the requironcnts for submercod 
rocontion to conditiens such as wore found on the Conzer, reference (6), 
ths dva Joncth of coaxial cable from ths coupling unit to the 


nde neem 
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Yeveiver provvabes ivecaating ths rocsiver ispet cts , 
weak gicnaly noar A high powar.station, It apnoara that the gencral Level 
of portornence attained in sutaorvod reception has beon consistently porr, 
comparod to the boat that cemuteation and amerinant effor, “‘thatevor the 
caugos havo boon it is undoubtedly pessible ta improve condttinns by careful 
evyarhav), of oxisting installations and.adoquAte training ef tho new nore: nnol 


Lavelrcnti, 


iF 
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@.. The saryoa ehown of Plata 1 indicate that noither Mare Island Conpling 

Unit has a fvequoncy sahco of 25 to 36 Kilecyclos. Unit & frequency 

: ; covorazs lies between 15 and: 2 28 Vilooyele- - ~ Unit 2 betweea 15 and 33 

i Ei loayeles, : 
9. 4 vrvliminers invostigaticn of ¢. 
ratio lising she ener if & syaten simian: 


| output of Unit 3 was. introduced into “the antenna atin a 

' RAK Reesiver, Pha (ta &aog7 lacp ves lorsoly couplod ¢ ts the outpat — a 
po sins} eonggnter set ef 2 frequeney tunable by the roupler end the rocelt 
i Ay; aes values of cain, the Chupding Vait B scomed to operate wormally, . 
i 4i Bjchor values of sain, the syytom becamo unetadlo and uncentrellable. | 
1 
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Randfustaont ef the receiver or tho couplor tuning controls did not ronody 
thie condition. RBiad4ristmant to A lewer value of smin setting was neces wary 
. to rostero initial control, Therdfrre, {nercagzing the voltaze on the. 
seroon of tho enplifior tube (incroasinz sensitivity control) caused tha 
Karo Teland Ceupling Unit B to oscillate, This instability probably 
resulted mainly f'roa the wiring layout which caused plate output onsrsy. 
te be fud bag ty tHe «rid input throug: caccssive srid to plate stray 
; canacitence (Roferesco Plates 2, § te 8). Both unite (the Mare Teland 
i Coupling Unit B and the RAK Recoivor) are nornflly indcpendontly tuned to 
tho eamo frequeisy. Pecause free and scif-suntainod oscillations tonk 
. ninco in the eeupling unit at higher antn guttines, the plate impodane}s 
was varied by detuming the recefrer aver. sn amsreclable froquoncy ranizo, 
This rceokver detuning was ennductod breauan 1 waa honad that tha onal} Is 
ticne wiuld cease, However, the detuninz was carricd on to a froquongy 
whero it wis ballevod that a atrong innut sicnal at the locn reaonant 
froquency would Name bem still audible at the output of the receiver, 
This -r-ceduro did not stop the self-sustained oscillations ox the coupler, 
Tho fxct that thts detuniny wag econt enough te destpny the sonsitivity 
af tho ergtem and that tho oycillations had not terminated indicated that 
tho oloctric coupling betyser thse -rid and plate elsetrodcs of tho tube 
was oxcaseive, Tho smnunt of non _nacoesery to atap ogscilinticns of 
nelroutt dspends upsm the Gu af the tubs aad the canacitanzce teiwoun 
arid and plate oleatrodes, This imniica that if the electrio coupling ware 
reduced, less detuning of the recolver would have buen necessary te stop 
ogchiation, However, tho electric ceupiiac should have boen kept to 
A oininus so that sclf-sustained sscillatians in tho eeuplinz unit wauid 
havo been impogeiblo, For identical conditions ef equipment arnzanconest, 
tho Coupling Unit A did not osciliate with Bich sain, presumably because 
tho caralossly done wiring was not vabled {Rof erenco Platca 2 to 5), This 
Sedstatod tiat ~orupgiing Unit 3D orvbabiv wiuid ant hava neet ata tf 


nrocautinns vere taken in the cabling. 
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10, Whoa attempts wore mada to wire eithor Mare Ialand Coupling Unit into 
workisg order, difficulty ws encountered, Tha nower tor the Coupling 

- Unites ts odtainod frog the BAX Receiver terdinals or Power Pass torminais, 
and an pievisions dere seds in oither uwiit for tie power cable. If tho 
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coupling unit had to be fastalled in the Fleet, approvriate holes in the 
Receiver or Power Pack wouza «ve to be made by the radio tocknician, 


11. The Goupling Wnit Ais cumbersome, Insufficisnt tivught wags applied 
to mechanical design, Tho RAK antenna invut cable continuously unfastencd 


from its mounting gtandoff insulator in the Joupling Unit unon handling of 
tha aquipment, 


le. Neither of the Coupling Units hag provisiona for mounting, Holss 
would have to be drilled in the bare of the caninet when installed, 


MECHANICAL INSPECTICN OF COUPILIMG UIT 3 


13. Upon inspection of this unit. it was ohaarved thet thors woro numerous 
undesirable foatures iu the designs that did net conform with tho standards 
expectod in naval equipment. For example, the dial plate of the variable 
canaciter should have been provided with sd clamp to prevent accidental 

changs of settius (Beferance Plates $ to 5 inclusive); tho controls should 
heva boon lsbeled ta praperly identify ties as to their function: it 

would have been dosirable to iaclnde mountin brackets te facilitate installa 
ticn and maintenance; iImurled captivs thund serews to secure chassis to 
cabinct would heve been superior to the use cf solf tapning screws: cabla 
ennnortions to the wisi sliouid Rave been made through proper jacks and plugs, 
and a tube clamp assembled to the chassis for the 6C6-G%. tube, Further, 
the cloctrical wiring should have been such that al2 enmmenonte aeld hare 
tock placed om eporoved Tungus proof terminal boards and Properly number 
dosignated for immedtats identification vith no morc shan three connectiona 
made ut a tovminal, The wiring lead lengths sheuld havo beon long oncugh 

so that no load would havo been exesssively long permitting & possible 
sourco of added coupling, or too shorti, aAlloving stress to oxist in tho 
load, The method of grounding components and circuit points should have 
been mado Circctly to the chassis ig the shortest practicahie distance, and 
the soldcring of all components and a1) cloctrical circuit loads to torminals 
should have veea such as to insure the electrical cornaction by wrking at 
loast two turns S:ound the torminal before © the application of the solder. 
Further, tho traagfermsr should have incorporated a rust precf ghiold te 

safo conrd apeinet vhysical injury and etray field couplins, 


HECHANICAL INSPECTION OF COUPLING UNIT 2 


i4, Upon inspection of this unit, it was discovered that thore wore undcsir 
able features in the design of © natura similar to Unit A, bet loss numerous, 
Rint 454 aot conta with tue standards expected in naval equipment.,. Those 
ara, bricfly, the methndg of eroun8ing circuit points and commononte, the 
use of scif tapring screws to secure chissis te cabinc$, tho undesimnated 
cormononts, not mounted on aprroved terninal beards for immediate circuit 
identification, the sbsence of a tube clamp for the GJ7 tubo and tho onissinn 
of suitable brackets attached to the exbinot to facilitate installation and 
maintonance. Further, it would have been desiradle 1% tho desizn of the 
resonating capacitor was euch ag te minimize the magsible physical danice 

to the mtor plates that covld occur-when tho diel is cet on 100 divisions 
and tho chassis ie rcmoved from the cabinet. : 
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CULBNTS ON REPORT "RESULTS OF 3 = TION 7 


15. Reference 4, dited ll Aucust 1965, was recoived by the Receivor Section 
of SEL on 18 March ‘|9¢6. 


16, Thal 


et 
wns Tusy peor 2s 


-er atatesa that recention with the Mare Ieland desian (Unit 4) 
ec Lto the WEA Commling Unit OM 47367, on USS Cenear, 


17, Anslyeie of tio data obtained from this letter indicites that the 
eperntors woss confronted with difficulties in obtaiging the correct informs 
tion. ‘cno wapportang data wore not sufficient to make an securaia study of 
tho anrmasiann of the tw enunling mothodea caplcved in the tasta. Too many 
vaviablos “cre crangod aluultancovsly, so that a number “f tho readings 

taken wore uselass. Tho remainger of tac Gita ero not vory anvsrent, Put 
with careful strdy, it could bo intorsretod that the Coupling Unit OM 47367 
had boon nore epecessful than the Maro Isiand Coupling Unit. This conclusion 


conforms with “ho findings cf this renert. 


FOVELUS7 ONS 
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JQ. It fe saneluded, beth from a standprint of electrical raerforrance and 
noshanical constauction, that the Maro Island Cousling Unite aro unratis- 
factory for Naval usc. 


19, The oleetricnl desien of the Mare Island Coupling Units sheuld have 


: 
boom euch tha® the cfrentt woul4 accure mere officient utilization of the 
sinmel nickol am feam tha antonna evetam hi auweis.r the aimnnietcennian ratio 


as larce 19 poseibho, Tho design of the amplificr should have bcon euch that 
it woulf& Reve bosn as cond ag ar dattor thas the BAY Receiver first rndio 
Troauonay amplifier. Howevor, the RAK Recolver sonsitivity is hich onmuca 

so that tho sicnal-to-neiss ratio is tho limitin; factor 4nd not tho sain; 


tho 24ditional amvitfier in tho Coupling Unit is surerfluc:s, 


30. Freon the rosulte of the asta ahewn en Plato 1, it ic eeneinudsd that 
the Ravy had & godd syeton of coupling Insp satmnse tr RIF Recelvors 
{Roferones Paragraph 6). Howover, tne RU iindifiad RAK Rescivar (Dofcronce 
3) has advantacss over this systex, These oro simplicity, oliminaficn of 
ecst for a coupling unit, ané the roduction in the numbor nf controls fer 
she radie operator, Aside froma these the EM meG@ificd desim covserves 


1, Brat the unite contain brackets for mounting. 


a ha mounted on terminal boards and vroporly 
fey inncdtiate idastifieation. 
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3, That the wiring te properly cabled and a color code wiring systen 
‘be used in the ciroit. 

4, That captive thumb screws tbe uscd to secure chassis in cabinet. 

5, That Couplixg Unit A have incorporates with tie variable capaciter 
Gial plate a clamn te provert acctamtelt chases nf eettire, 

6, That all controls of Coupling Unit & be properly iabelst. as to 
furction, 

7. That Navy aporovca tuha clamps be used with the amplifior tubcs, 

8, That Coupling Unit 4 have jacks incusporated for incoming eablon, 

9, That all lead longthe and soldered aonnections bo properly nade to 
prevent olectricai failure due to aschanical vibrations 

iO, That instructions a3 to theery, operation and maintensnee bo 
supplied with the unite. 

11, Thes.@ direct crowd system be used in the sirautt wiring, 

1é, That a shield be used with the transformers to prevent stray field 
coupling and macranical damage. 

13. That all netel and bakelite te treated egainst moisture and funeue 
erowth, 

14, That the Coupling Unit B resonating canacitor be protoctad ansinst 
damage when chassis is not enclosed in crbinet. 

CY Mostrionl 

1, That She aaplifier wiring be cabled to kcep the arid to plate capaci- 
taxca at a miniminm. 

2. That the auplifior by-pass condensers bo svldsred directly at tube 
socket luze. 

S. That tht ampitrier circuit oe redesi:mad for optinun si:nal-to-noise 
ratio porformance, 

4. That the transforncr bo redesigncéd for a greater coe?ficient of 
coupling, 
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